A growing amount of empirical data is showing that the ability to manipulate quantities in a precise and efficient fashion is rooted in cognitive mechanisms devoted to specific aspects of numbers processing. The analog number system (ANS) has a reasonable representation of quantities up to about 4, and represents larger quantities on the basis of a numerical ratio between quantities. In order to represent the precise cardinality of a number, the ANS may be supported by external algorithms such as language, leading to a "precise number system". In the setting of limited language, other number-related systems can appear. For example the parallel individuation system (PIS) supports a "chunking mechanism" that clusters units of larger numerosities into smaller subsets. In the present study we investigated number processing in non-aphasic patients with corticobasal syndrome (CBS) and posterior cortical atrophy (PCA), two neurodegenerative conditions that are associated with progressive parietal atrophy. The present study investigated these number systems in CBS and PCA by assessing the property of the ANS associated with smaller and larger numerosities, and the chunking property of the PIS. The results revealed that CBS/PCA patients are impaired in simple calculations (e.g., addition and subtraction) and that their performance strongly correlates with the size of the numbers involved in these calculations, revealing a clear magnitude effect. This magnitude effect was correlated with gray matter atrophy in parietal regions. Moreover, a numeral-dots transcoding task showed that CBS/PCA patients were able to take advantage of clustering in the spatial distribution of the dots of the array. The relative advantage associated with chunking compared to a random spatial distribution correlated with both parietal and prefrontal regions. These results shed light on the properties of systems for representing number knowledge in non-aphasic patients with CBS and PCA.
Introduction
Number knowledge is an essential facet of human cognition (e.g., Feigenson et al., 2004; Nieder and Dehaene, 2009; Piazza and Dehaene, 2004; Piazza, 2010; Piazza et al., 2010 Piazza et al., , 2006 Pinel et al., 2004) . Several studies revealed that number knowledge is rooted in a core mechanism that represents quantities in an approximate fashion. While very small numbers are represented relatively precisely, quantities larger than about 4 are represented as a ratio, following Weber's Law (Fechner, 1860) . The accuracy of numerosity estimation based on this system, called the "analog number system" (ANS) (Dehaene, 1997; Hyde and Spelke, 2011; Izard et al., 2009) , decreases with increasing numerical magnitude, according to the Weber fraction (Dehaene, 2003; Halberda and Feigenson, 2008; Piazza et al., 2010) . The ANS thus provides an estimate of a quantity but it does not identify the exact cardinality of a number or a set of objects. In order to precisely manipulate numbers that are larger than about 4, the ANS is hypothesized to depend on the support of external algorithms involving the so-called "precise number system" (Izard and Dehaene, 2008) . Algorithms derived from verbally-mediated counting, from this perspective, allow us to identify exact numbers and quantities of any magnitude.
It is still a matter of debate to what extent number knowledge is rooted in language-related abilities (Gordon, 2004; Izard and Dehaene, 2008; Nieder and Dehaene, 2009) or if numbers and words depend upon different cognitive infrastructures (Halpern et al., 2004a (Halpern et al., , 2004b Koss et al., 2010; Morgan et al., 2011) . Evidence that number knowledge depends on verbally-mediated representations comes from observations of unilingual speakers of languages without an apparent number system (Pica et al., 2004; Gordon, 2004) , prelinguistic young children (Lipton and Spelke, 2005; Wynn, 1992 Wynn, , 1990 ) and deaf signers in linguistically isolated communities (Coppola et al., 2013; Spaepen et al., 2011 
